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Abstract

With progress of transmission electron microscopy, the characterization for microstructures of steel
products has been extensively carried out on a nano-scopic view point, resulting in the detailed under-
standing for properties concerning with fine precipitations and a grain boundary in steels. The next
subject for thetechniquesto apply theindustrial useisto analysisthe microstructure with the consist-
ency in awhole range from macroscopic to nanoscopic. Due to answer this problem on a view point of
microstructure analysis, the focused ion beam techniques with extraction technique of micro-scaled
samples have been established. As one of applicationsfor steel characterizations, a crater microstruc-
ture on galvannealed steelswas investigated by these techniques. The specific precipitate analysis tech-
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niqueto explain theintra-granular ferrite transformation mechanism was also described.
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Scanning ion micrographs indicating the W protective layer deposi-
tion process

(a) Interesting surface morphology of steel and (b) W protective layer
deposited on the surface in a FIB
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A series of scanning ion micrographs showing the maicro-sampling
process
(a) First fabrication of surrounding areas of the target, (b) The tiny
sample picked up is prepared, (c) Binding a manipulative needle to
the sample, (d) Picking up the sample, (e) Touch down the sample to
a TEM sheet, (f) Final fabrication of extracted sample
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Morphology of craters formed on the galvanized steel observed by a

scanning ion microscope

(a) The top view of craters, and (b) The cross-section view of the

crater noted by line X in photograph (a)
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Transmission electron micrograph showing (a) A bright field image of
the cross-sectional microstructure around a bottom of the crater, and
(b) The selected area diffraction pattern taken from the crystal noted
A in the photograph. The diffraction pattern is identified to be the & -
phase.
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Change of Fe, Zn and Al concentration along the interface between
d -phase and the steel, measured by EDS analysis. The positive val-
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Schematic diagram indicating the model for the formation of a crater
during the galvanneling process

-a00000000O0DODODOOO0O0OO0000000oooo
O0o0o0oUOooooUoOooOooUOooOowgoooooooo
ooooooooooooooooooboOooooooooooo
goooooooooooobooooooboooooooooooo
oooooooooooooooobobOoboooooooooo
ooooooooooooooooooboOooooooooooo
goooooooooooobooooooboooooooooooo
gobooooobooooooooooooo

gobobooobooooboooooobooome@moooooon
goooooooooooobooooooboooooooooooo
oooooooooooooooobobOoboooooooooo
goooooooooooooboooooooooMmnsoonon
gboooboooobooooooMmnsOOOOoOOoOoOoOoDOO
pgoepsbo0oOoO0boO0O0OOOO0O0O0m@Mecm™OOOOOooonoo
goootodnmioooooMnOOO0ooooooooooonMn
Oy oOoooboooooomnOooboooooooooobooo
ooooooooooooooOoMesOOOOOO0OO0O0OODOOO
ooooooooooooooooooboOooooooooooo
ogOoMnOSOgooooooooooooooooomMmnDoonO
gobooooobooooovmnbOO0OO0oOoboodobobaoonooono
O00oOoooOooooooooooowg

5. 0Oo0o0nd

gooobooooooooooormBOOOOOOOODOOOOO
goooooooooooobooooooboooooooooooo
oooooooooooooooobobOoboooooooooo

00000000000 38100020040



gobooooOooOo0ooOoOoOooboOooooo

1.24

v

O.SL

0 100 200 300
distance (nm)

000 000000000 0000D0000000000000a 00000000000 D0ooUoooombOoO
000o0ooO0ooOoOMnSOOOOOO0OOOOOOMNOOOOOOODOODEDSOODOM O

Characterization of the precipitate showing the intra-granular transformation

(a) Scanning electron micrograph of the precipitate and intra-granular transformed ferrites, (b) Cross-sectional transmission electron

micrograph of the precipitate, and (c) The change in Mn concentration in a region near interface of MnS measured by EDS analysis
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